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Quasi 1-dimensional nanostructures of indium- and tin- oxide are 
presently produced in several unusual arrangements such as nanowires or 
nanorods, resulting in great potential for fundamental study and application. 
The evaporation-condensation process, with Vapor-Solid (VS) or Vapor-
Liquid-Solid (VLS) growth mechanism, is highly promising for nanostructure 
fabrication, due to its simplicity and low cost with respect to the technology 
of silicon processing and to other top-down approaches. This method 
consists of thermally-driven evaporation of bulk metal oxides followed by 
condensation in controlled thermodynamic conditions. The nucleation 
process can be assisted by noble metal catalysts, enhancing the capability 
to control the lateral size and the shape of the nanostructures. 
Microstructural investigation of the nanowires is a key-feature for a 
thorough knowledge of the growth process of indium oxide nanowires (see 
figure 1). The chemical homogeneity and the crystalline arrangement were 
investigated by SEM and TEM. HRTEM and electron diffraction revealed 
the single-crystal arrangement and the atomically-sharp crystal facets for 
the termination of the nanowires. EDX and STEM were used for the 
investigation of impurities and local variations in the composition. 
Nanowires of semiconducting oxides are expected to show a variety of 
quantum confinement effects as two of their dimensions are comparable to 
the wavelengths of the electronic wave-function. The electrical properties of 
tin oxide nanowires and the effect of gases such as CO, O3, NO2 on the 
electrical conductance have been investigated. Single-wire based devices 
are presently fabricated through nanomanipulators operated at the SEM 
(see figure 2). Among the possible applications in the field of bio-
nanotechnology, operation in liquid environment and DNA detection are 
presently under investigation. 
 
Figure 1 Nucleation and growth of In2O3 nanowires: (a) Low voltage SEM image of the 
nucleation of indium oxide nanowires, (b) TEM BF image of a nanowire, about 30 nm in 
width. (c) High-resolution TEM image of the atomically-sharp lateral termination and (d) 
convergent beam electron diffraction pattern. 
 
 
Figure 2 Characteristics of SnO2 nanowires: (a) low-magnification TEM image of a nanowire 
with very high aspect ratio, (b) STEM-HAADF image of a nanowire, (c) linescan of the 
HAADF signal (solid line) and numerical fit of the diameter of the nanowire (dashed line), (d) 
convergent beam electron diffraction pattern, (e) nanowire placed between electrical 
contacts via nanomanipulators. 
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